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(54) Method and apparatus for generating test sequence 



(57) Disclosed is a method and apparatus for gen- 
erating a test sequence to test a fault in a digital circuit. 
According to this method and apparatus, when a fault 
propagation process for a fault, for which a test se- 
quence is generated is not successful, at least a seg- 
ment of a path to propagate the effects of the fault is 
memorized as illegal information. And the fault propa- 
gation process is restarted for the same fault without se- 
lecting the illegal information. Hence, the chance of a 



successful fault propagation process is increased, 
which leads to the improvement of the fault coverage. 

In addition, according to the apparatus and method, 
it is detected whether a state transition goes into a loop 
(i.e., two identical states exist) in the state initialization 
process and then the process is restarted by defining 
the state caused the loop as an illegal state. Hence, the 
chance of a successful state initialization process is in- 
creased, which leads to the improvement of the fault 
coverage. 
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D scription 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001] This invention relates to a method and appa- 
ratus for generating an test sequence to test a fault in a 
digital circuit. 

(2) Description of the Related Art 

[0002] The adaption of LSI to a digital circuit has been 
remarkable these days, being utilized in every field. A 
technique of testing a fault in the LSI has been of great 
importance in accordance with the progress of the LSI 
since signals therein are not directly observable and 
controllable. 

[0003] Various methods have been presented to au- 
tomatically generate a test sequence for testing a fault 
in a digital circuit. Generally, the presence of a fault is 
checked by first inputting an appropriate input sequence 
to an input terminal of a circuit to be tested and then 
comparing the resulting output of an output terminal of 
the circuit with an expected output. This input sequence 
is the test sequence, which is generated to detect every 
presumed fault. 

[0004] Conventional test sequence generation meth- 
ods are disclosed, for example, in Chapter 1 , 1 . 4. 2 
"Stuck at Fault Testing" of a reference book entitled 
"FAULT TOLERANT COMPUTING: THEORY AND 
TECHNIQUES", Volume I, issued by PRENTICE-HALL, 
Englewood Cliff, New Jersey and "HITEC: A TEST 
GENERATION PACKAGE FOR SEQUENTIAL CIR- 
CUITS" by T. Nienmann and J. H. Patel, as a reference 
of European Design Automation Conference in 1991 . 
[0005] Such conventional test sequence generation 
method is detailed as follows:- 

A fault to be detected is a stuck-at fault, which is 
a model fault assumed based on a circuit to be tested. 
Such a fault causes a value of a signal line in the circuit 
to be fixed to either a logical 0 or a logical 1 , which are 
respectively referred to as "stuck-at-0 fault" and "stuck- 
at-1 fault". These stuck-at faults are previously regis- 
tered on a fault table as shown in FIG. 1 based on the 
net list of the circuit. The table contains five columns: 
"signal lines" indicating all the signal lines in the circuit, 
"faults" indicating either stuck-at-0 fault (s-a-0) orstuck- 
at-1 fault (s-a-1), "detection" indicating successful de- 
tection or detectabilrty by a test sequence for another 
fault by a 1 , "process" indicating the completion of a test 
sequence generation process by a 1 (it does not matter 
whether the process is successful or not), and "redun- 
dant faults" indicating redundancy i.e. undetectability of 
a fault by a 1. For example, s-a-0 in the signal line "a" 
has been found not to be a redundant fault through the 
process and a test sequence has been successfully 
generated, on the other hand, s-a-1 in the signal line "c" 



has been found not to be a redundant fault and the gen- 
eration of a test sequence has been unsuccessful. 
[0006] This conventional test sequence generation 
method in a sequential circuit is flowcharted in FIG. 2. 
5 [0007] In the flowchart, the test sequence generation 
process starts at Step 401 . 

[0008] In Step 402, it is judged whether there is any 
fault except redundant faults for which a test sequence 
has not been generated yet (hereinafter referred to as 

10 undetected fault) and for which a test sequence gener- 
ation process has not been performed yet (hereinafter 
referred to as unprocessed fault). If there is, then the 
system that executes this process proceeds to Step 
403, and otherwise the system goes to Step 408 to ter- 

15 minate the process. 

[0009] In Step 403, among undetected and unproc- 
essed faults, one fault for which a test sequence is gen- 
erated (hereinafter referred to as target fault) is select- 
ed, and at the same time, the corresponding row in the 

20 column "process" is made a 1 . 

[0010] In Step 404, a test pattern for a target fault is 
generated as a primary step for the test sequence gen- 
eration, only for the combinational circuit to check 
whether the fault is a logically undetectable fault (here- 

25 in after referred to as redundant fault). When the target 
fault is found to be a redundant fault or requires more 
time than allowed to generate a test sequence, the cor- 
responding row in the column "redundant fault" is made 
a 1 and the system goes back to Step 402. In Step 404, 

30 such an undetectable fault is excluded before the test 
sequence generation. 

[0011] In step 405, a test sequence for the targetfault 
selected in Step 403 is generated to propagate the ef- 
fects of the target fault from the fault site to any external 
35 output pin (hereinafter referred to as fault propagation 
process). If the fault propagation process is successful, 
then the system proceeds to Step 406, and otherwise 
the system goes back to Step 402 to process the next 
target fault. 

40 [0012] In Step 406, a test sequence is generated to 
transfer the initial state of the circuit to a state appeared 
when the fault propagation process has been just com- 
pleted (hereinafter referred to as state initialization proc- 
ess). 

45 [0013] If the process is successful, then the system 
proceeds to Step 407, and otherwise the system goes 
back to Step 402 to process the next target fault. The 
initial state may be any state; however, in general, as 
long as all the flip-flops (hereinafter referred to as FFs) 

50 jn the circuit to be tested are either in "don't care" state 
or unknown state, a test sequence by which a fault test 
can be performed in whatever state the sequential cir- 
cuit may be can be obtained. Actually, when the circuit 
is in a state appeared when an immediately preceding 

55 fault test has been just completed, the time required for 
consecutive fault tests can be shortened. 
[0014] In Step 407, a fault simulation is performed 
with the test sequence of the target fault selected in Step 
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403 and the corresponding row in the column "detec- 
tion" is made a 1 . More than one target fault may be 
detected because all the faults in the common path are 
simulated simultaneously. 

[0015] In Step 408, the test sequence generation 
process terminates. 

[0016] The fault propagation process of Step 405, 
which is based on Reverse Time Processing (RTP), is 
flowcharted in FIG. 3. 

[0017] According to RTP, a sequential circuit logically 
consisting of a combinational circuit and FFs is treated 
as a series of combinational circuits iterated in time se- 
quence that are still logically equal to the sequential cir- 
cuit. In the series of circuits, a path extending from an 
external output to be the goal of the target fault up to the 
fault site is heuristically determined and traced back- 
ward, and then an input sequence for the fault signal to 
be propagated along the path is found by the fault prop- 
agation process. In this process, an input for the fault 
signal of the target fault to propagate is found at each 
iterated combinational circuit (hereinafter referred to as 
time frame), that is, the path is activated. 
[001 8] M ore precisely, the following steps are execut- 
ed in each time frame as shown in FIG. 3:- 
[0019] In the flowchart, the fault propagation process- 
ing starts at Step 601 . 

[0020] In Step 602, it is judged whether a path includ- 
ing a target fault has been sensitized or not. If it has, 
then the fault propagation process is regarded as a suc- 
cess. The system goes to Step 605, and otherwise it 
proceeds to Step 603. 

[0021] In Step 603, the target fault site or one of the 
outputs of the FFs corresponding to the inputs of the 
combinational circuit is selected as a D-frontier. Then, 
the D-frontier is assigned a fault signal and then the fault 
signal is propagated to either any external output pin or 
to the input of the D-frontier selected in an immediately 
preceding time frame (hereinafter referred to as target 
PPO) by assigning input values and state values re- 
spectively to the external input pins and the outputs of 
the FFs. If the fault propagation process is successful, 
then the system goes to Step 604, and otherwise it goes 
to Step 605. 

[0022] In Step 604, the state values thus assigned to 
the external input pins to sensitize the fault propagation 
path are memorized as a test sequence, the system go- 
ing to Step 602 with the input of an FF whose output is 
the D-frontier as a new target PPO. 
[0023] In Step 605, the fault propagation process ter- 
minates. 

[0024] The state initialization process of Step 406 is 
flowcharted in FIG. 4. In this process, an input sequence 
is generated based on state values assigned so that the 
state transition starts from a state appeared when the 
fault propagation process has been just completed 
(hereinafter referred to as fault excitement state), trac- 
ing backward to the initial state, contrary to the state 
transition in an actual fault test. 
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[0025] In FIG. 4, the state initialization process starts 
at Step 501 . 

[0026] In Step 502, it is judged whether the current 
state of the circuit coincides with its initial state or not. 
5 If they are coincident, then the system goes to Step 505 
to terminate the process, and otherwise the system pro- 
ceeds to Step 503. 

[0027] In Step 503, the current state is justified by as- 
signing state values to the outputs of the external input 

10 pins and of the FFs. If the justification is successful, then 
the system proceeds to Step 504, and otherwise it goes 
to Step 505 to terminate the process. 
[0028] In Step 504, the state values thus assigned to 
the external input pins are memorized as a test se- 

15 quence, whereas the state values assigned to the out- 
puts of the FFs, that is : the state values that have justi- 
fied the current state are defined as the current state. 
Then the system goes back to Step 502. 
[0029] In Step 505, the state initialization process ter- 

20 minates. 

[0030] The operation of the test sequence generation 
having the above-mentioned construction is described 
as follows:- 

25 First, a target fault is selected among undetected 
and unprocessed faults shown in the fault table in 
FIG. 1 (Steps 401-403 in FIG. 2). 
Then, a test pattern for the combinational circuit in 
a circuit to be tested is generated to check whether 

30 the selected target fault is a redundant fault or re- 
quires extra time for the process. The circuit to be 
tested is illustrated in FIG. 5(a) and its simplified di- 
agram is shown in FIG. 5 (b). Since the circuit can 
be logically divided into a combinational circuit and 

35 FFs, it is considered that the inputs of the combina- 
tional circuit consist of external input pins, which are 
primary inputs (hereinafter referred to as Pis) and 
pseudo primary inputs (hereinafter referred to as 
PPIs) outputted from the FFs, whereas the outputs 

40 of the combinational circuit consist of the external 
output pins, which are primary outputs (hereinafter 
referred to as POs) and pseudo primary outputs in- 
putted to the FFs (hereinafter referred to as PPOs). 

45 [0031] A test pattern for the combinational circuit is 
generated by assigning each appropriate input value by 
utilizing the Pis and PPIs of the inputs as well as the 
POs and PPOs of the outputs of the combinational cir- 
cuit, so that the fault signal of a target fault is propagated 

50 to any output in Step 404. As a result, when the test 
pattern generation is successful, the system proceeds 
to Step 405, whereas the target fault is a redundantfault, 
a 1 is set in the column of the "redundant fault" in the 
fault table, and the system goes back to Step 402 to se- 

55 lect the next target fault. 

[0032] In Step 405, a fault propagation process is ex- 
ecuted to generate a test sequence for the target fault 
as shown in FIG. 6. The drawing contains three time 
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frames 701 , 702, and 703 in the sequential circuit, which 
are processed first, second, and third respectively. 
These time frames correspond to the combinational cir- 
cuit expanded according to the state transition of the 
FFs separated from the combinational circuit. (For ref- 
erence, the circuit of FIG. 5(b) is expanded and shown 
in FIG. 7). 

[0033] Although only three time frames are shown in 
FIG. 6 for convenience, rather numerous time frames 
are required in an actual LSI. It should be noted that the 
fault propagation process proceeds reversely from the 
timeframe 701 up to the time from 703 againstthe actual 
operation of a sequential circuit. FIG. 6 further contains 
an external output pin 704 of the sequential circuit, a 
propagation path 705 of a fault signal in the time frame 
701 , another fault propagation path 706 in the time 
frame 702, FFs 707-709 used in the time frame 701 , FFs 
71 0-71 2 used in the time frame 702, and a fault site 71 3 
for the target fault "a". 

[0034] The fault propagation process flowcharted in 
FIG. 3 is detailed as follows with reference to FIG. 6:- 

In the first time frame 701 , the target fault 71 3 can 
not be sensitized due to being unreachable to POs 
combinationally (Step 602 in FIG. 3), so that the out- 
put of FF3 (709) is heuristically selected as a D-fron- 
tier. The fault propagation path 705 is sensitized to 
assign a fault signal to FF3 (709) and propagate it 
to the external output pin 704. In other words, state 
values are assigned to the external input pins and 
the FFs to sensitize the path leading from FF3 (709) 
up to the external output pin 704 (Step 603). The 
state values successfully assigned are memorized 
as a test sequence : and the input of FF3 whose in- 
put is the D-frontier, is set as a new target PPO. 
Then the system goes back to Step 602 (Step 604). 
Since the target fault has not been sensitized yet at 
this point, the system proceeds to Step 603 (Step 
602). 

In the next time frame 702, the output of FF3 (709) 
selected as a D-frontier in the time frame 701 is 
made a target PPO, and FF2 (711) is heuristically 
selected as a D-frontier. Then FF2 (71 1 ) is assigned 
a fault signal and the fault signal is propagated to 
the input of FF3 (709) as a target PPO by sensitizing 
the fault propagation path 706 (Step 603). The suc- 
cessfully assigned state value is memorized as a 
test sequence, and the input of FF2 is set as a new 
target PPO (Step 604). 

In the next time frame 703, the output of FF2 (71 1 ) 
selected in the time frame 702 as a D-frontier is 
made a target PPO. It is assumed that a fault signal 
can not be propagated to the input of FF2 (711) as 
the target PPO whichever D-frontier is selected 
(Step 603). Since the fault propagation process for 
the fault 713 is thus unsuccessful, the fault propa- 
gation process terminates (Step 604). Subsequent- 
ly, the system goes back to Step 402 in FIG. 2 (Step 



405) to select the next target fault and to repeat the 
same process (Steps 402-405). 
On the other hand, when the fault signal is success- 
fully propagated to the target fault 713 in the time 

5 frame 703, the state values assigned to the external 

input pins in each time frame are generated as a 
test sequence. However, the state of each FF is in 
the fault excitement state (In the above case, it cor- 
responds to the state value successfully assigned 

10 in the time frame 703), so that the test sequence 
thus generated is only effective to the fault excite- 
ment state. Therefore, finding a sequence to trans- 
fer the initial state of the circuit to its fault excitement 
state is required. This is the state initialization proc- 

15 ess. 

[0035] The operation of the state initialization process 
is described as follows with reference FIG. 8. 
[0036] In the drawing, numerals 801 -804 depict each 
state of the circuit, 801 representing a fault excitement 
state, 804 representing an initial state. Branches 
805-808 depict the possibility of transitions respectively 
from state 802 to state 801 , from state 803 to state 802, 
from state 801 to state 803, and from state 804 to state 
803. 

[0037] At the point of the completion of the fault prop- 
agation process, the current state is the state 801 (S1), 
which does not coincide with the initial state (Step 502 
in FIG. 4). Therefore, the current state is justified, that 
is, the states of the external inputs and of the FFs are 
assigned so that the current state can be transferred. 
Here, it is assumed that the assignment of the state 802 
(S2) to the FFs is justified (Step 503). The justified state 
is treated as a new current state (S2) (Step 504). 
[0038] The current state is justified in the same man- 
ner and the state S3 is made a new current state (Steps 
502-504). 

[0039] In the justification of the current state S3, the 
current state S3 may be transferred from either one of 
the states S1 and S4. When the justified state is the state 
S4, the state initialization is successful. In this case, a 
fault test sequence can be obtained by combining an 
input sequence obtained in the previous fault propaga- 
tion process and another input sequence assigned in 
the state initialization process. 

[0040] On the contrary, when the justified state is the 
state S1 , the state initialization is unsuccessfully repeat- 
ed, going into a loop of a state transition, never obtaining 
the initial state. 

[0041] After the state initialization process is per- 
formed , a fault simulation is executed for the target fault 
with the use of the obtained test sequence. After having 
confirmed that the target fault is detectable by the ex- 
ternal output pins, the corresponding row in the column 
"detection" is made a 1 (Step 407 in FIG. 2). Then the 
system goes back to Step 402. The foregoing behavior 
is further repeated to execute the test sequence gener- 
ation process for every target fault. 
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[0042] Finally, the test sequence generation process 
in the circuit in FIG. 7 is described as follows. The "X" 
marks on the signal lines represent target faults. 

(A first time frame in the propagation process) 

[0043] It is assumed that since the sensitization of a 
path containing a target fault with "X" mark has not been 
completed (Step 602 in FIG. 6), an output Y2 of FF2 is 
selected as a D-frontier (the former half of Step 603). In 
the combinational circuit, state values to sensitize the 
path between an input signal y2 and an external output 
pin 0 are assigned as follows:- 

Two inputs (I. y2) of an AND gate G2 must be (1, 
D) for a tault signal D to be outputted to the external 
output pin 0. In this case, an input yl may be don't care. 
Accordingly, a state value (I, y1 , y2) = (1 , X, D) is as- 
signed (the latter half of Step 603). This state value (I, 
X : D) is memorized as part of the test sequence and the 
input y2 of FF2 (Step 604) is made a new target PPO. 

(A second time frame in the propagation process) 

[0044] It is assumed that a target fault with a "X" mark 
has been selected as a D-frontier (Step 602 and the 
former half of Step 603). In the combinational circuit, 
state values to sensitize a path between the target fault 
and Y2 of the target PPO are assigned as follows:- 

Two inputs of an OR gate G3 (the output of G1, 
yl) must be (D, 0) for the fault signal D to be outputted 
to Y2, and in addition, two inputs of the AND gate G1 (I, 
target fault) must be (1 , D). Therefore, a state value (I, 
y1 , y2) = ( 1 , 0, 0) is assigned (the latter half of Step 603). 
[0045] This state value (1 , 0, 0) is memorized as part 
of the test sequence and an input yl of FF1 (Step 604) 
is made a new target PPO. However, since the target 
fault has been sensitized (Step 602), the propagation 
process terminates (Step 605). 

(State initialization process) 

[0046] In sequence, a state initialization process is 
performed. If it is assumed that the initial state is (FF1 , 
FF2) = (0, O), then the state initialization process imme- 
diately terminates (Steps 502 and 505 in FIG. 4). 
[0047] The following is a description of a case where 
the initial state is (FF1 , FF2) = (X, X), that is, don't care. 
Since the initial state (X, X) and the current state (0, 0) 
do not coincide with each other (Step 502), a state value 
to justify the current state is assigned. 
[0048] In order to justify FF1 (Y1 0), the two inputs of 
the AND gate G1 (I, y2) should be (0, X) and to justify 
FF2 (Y2 = 0), the two inputs of OR gate G3 (the output 
of G1 , y1 ) should be (0, 0). In this case, y2 should be X. 
Therefore, assigning I = 0 as the input value justifies the 
state (0, 0) (Step 503). 

[0049] This input value I = 0 is memorized as part of 
the test sequence and the justified state (0, X) is made 



the current state (Step 504). Since it does not coincide 
with the initial state (Step 502), the current state is jus- 
tified. 

[0050] In order to justify FF1 (Y1 = 0), two inputs of 

5 AND gate G1 (I, y1) should be (0,X) and to justify FF2 
(Y2 = 0), the two inputs of the OR gate G3 (the output 
of G1, y1) should be (0, X). In this case, y1 should be 
X, so that assigning I = 0 as the input value justifies the 
state (0, X) (Step 503). 

10 [0051] This input value I = 0 is memorized as part of 
the test sequence and the justified state (X, X) is made 
the current state (Step 504). Since it coincides with the 
initial state (Step 502), the justification process termi- 
nates (Step 505). 

15 [0052] Consequently, a sequence {001 1 } is obtained, 
which should be inputted to the input signal I. 
[0053] However, according to the test sequence gen- 
eration method thus described, many faults remain un- 
detected for lack of any established strategy for unsuc- 

20 cessful fault propagation processes or state initialization 
processes. 

SUMMARY OF THE INVENTION 

25 [0054] In view of the foregoing circumstances, a first 
object of this invention is to provide a method and ap- 
paratus for generating an test sequence having high 
fault coverage by improving the chance of a successful 
fault propagation process. 

30 [0055] A second object of this invention is to provide 
a method and apparatus for generating an test se- 
quence having high fault coverage by improving the 
chance of a successful state initialization process. 
[0056] The first object can be achieved by a method 

35 for generating a test sequence to test an assumed 
stuck-at fault in a sequential circuit expanded as a series 
of timeframes, comprising the steps of tracing backward 
in the time frames to propagate a fault signal of the 
stuck-at fault along a path selected in a time frame and 

40 assigning an input value in the time frame in order to 
sensitize the path, the backtrace operation starting from 
a first time frame, which contains an output pin to be the 
goal of the stuck-at fault up to a time frame containing 
the fault site; defining, when a path unsuccessfully sen- 

45 sitized in a time frame is detected, at least a segment of 
the path as illegal information, the path extending be- 
tween the first time frame and the time frame where the 
path is detected to have been unsuccessfully sensitized; 
and restarting another backtrace operation without se- 

50 lecting the segment defined as illegal information. 

[0057] The illegal information may be a D-frontier in- 
dicating a signal line selected in a specified time frame, 
the signal line being the goal of afault signal propagated 
from an immediately preceding time frame. 

55 [0058] The specified time frame may be a time frame 
in which a fault propagation path is sensitized first. 
[0059] The illegal information may be a set of a D-fron- 
tier and a target PPO, the set indicating a propagation 
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path in a specified time frame. 

[0060] The illegal information may be a set of a D-fron- 
tier and a target PPO, the set indicating a propagation 
path in a time frame immediately before the time frame 
where the propagation has been unsuccessful. 
[0061 ] The method of the first object can be achieved 
also by a method for generating a test sequence to test 
an assumed stuck-at fault in a sequential circuit expand- 
ed as a series of time frames, comprising a first step of 
counting the number of fault propagation processes ex- 
ecuted for every target fault, for which a test sequence 
is generated and a second step of judging whether the 
number counted is beyond a predetermined number 
and then terminating the test sequence generation if it 
is, wherein the first step comprising: a first sub step of 
selecting one target fault among one of target faults for 
which the fault propagation processes have not been 
executed yet and other target faults for which the fault 
propagation processes are regarded to have not been 
executed yet, and for which test sequences have not 
generated yet; a second sub step of, when a D-frontier 
indicating an input of a path to be sensitized is already 
registered as an illegal frontier, selecting a D-frontier 
other than the illegal frontier in a time frame where a 
target fault is propagated to an external output pin in 
order to execute fault propagation process; a third sub 
step of judging whether the fault propagation in the sec- 
ond step is successful or not; a fourth sub step of, when 
the fault propagation is judged to be unsuccessful, reg- 
istering the D-frontier selected in a time frame where the 
effects of the target fault is propagated to an external 
output pin as the illegal D-frontier of the target fault; and 
a fifth sub step of, when the first through third sub steps 
have been executed for all the target faults, regarding 
faults for which the fault propagation processes have 
been unsuccessfully executed as faults for which fault 
propagation processes have not been executed yet. 
[0062] The second object can be achieved by a meth- 
od for generating a test sequence through a state initial- 
ization process wherein input signals values to be input- 
ted to the external input pins of a sequential circuit to be 
tested are found in order to transfer the state of the cir- 
cuit from its initial state to a state appeared when a fault 
propagation process for a stuck-at fault has been just 
completed, comprising the steps of: in order to justify 
the current state of the sequential circuit, assigning the 
outputs of memory elements and the input signal values 
to be given to the external input pins, the assignment 
operation being processed to obtain its initial state start- 
ing from a state appeared when the fault propagation 
process has been just completed; judging whether the 
state thus assigned coincides with one of a state ap- 
peared when the fault propagation process has been 
just completed and a state assigned before; and restart- 
ing, when the two states are judged to be coincident with 
each other, the assignment operation while cancelling 
at least the latest state of those assigned so far. 
[0063] The restarting step may start the assignment 



operation from a state appeared when the fault propa- 
gation process has been just completed. 
[0064] The restarting step may start the assignment 
operation from a state immediately before the coincident 
5 state. 

[0065] The apparatus of the first object can be 
achieved by an apparatus for generating a test se- 
quence to test an assumed stuck-at fault in a sequential 
circuit expanded as a series of time frames, comprising 

10 a backtrace device for tracing backward in the time 
frames to propagate a fault signal of the stuck-at fault 
along a path selected in a time frame, wherein an input 
value in the time frame is assigned in order to sensitize 
the path and the backtrace operation starts from a first 

is time frame, which contains an output pin to be the goal 
of the stuck-at fault up to a time frame containing the 
fault site; a defining device for, when a path unsuccess- 
fully sensitized in a time frame is detected, defining at 
least a segment of the path as illegal information, the 

20 path extending between the first time frame and the time 
frame where the path is detected to have been unsuc- 
cessfully sensitized; a memorizing device for memoriz- 
ing the illegal information correspondingly with the fault 
signal; and a prohibiting device for prohibiting to select 

25 a path defined as illegal information to drive the back- 
trace device for another fault. 

[0066] The illegal information may be a D-frontier in- 
dicating a signal line selected in a specified time frame, 
the signal line being the goal of a fault signal propagated 
30 from an immediately preceding time frame. 

[0067] The specified time frame may be a time frame 
in which a fault propagation path is sensitized first. 
[0068] The illegal information may be a set of a D-fron- 
tier and a target PPO, the set indicating a propagation 
35 path in a specified time frame. 

[0069] The illegal information may be a set of a D-fron- 
tier and a target PPO, the set indicating a propagation 
path in a time frame immediately before the time frame 
where the propagation has been unsuccessful. 
^0 [0070] The second object can be achieved by an ap- 
paratus for generating a test sequence through a state 
initialization process wherein input signal values to be 
inputted to the external input pins of a sequential circuit 
to be tested are found in order to transfer the state of 
45 the circuit from its initial state to a state appeared when 
a fault propagation process for a stuck-at fault has been 
just completed, comprising: an assigning device for, in 
order to justify the current state of the sequential circuit, 
assigning the outputs of memory elements and the input 
50 signal to be given to the external input pins, the assign- 
ment operation being processed to obtain its initial state 
starting from a state appeared when the fault propaga- 
tion process has been just completed; a judging device 
forjudging whether the state thus assigned coincides 
55 with one of a state appeared when the fault propagation 
process has been just completed and a state assigned 
before; and a restarting device for restarting, when the 
two states are judged to be coincident with each other, 
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the assignment operation while cancelling at least the 
latest state of those assigned so far. 
[0071 ] The restarting device may start the assignment 
operation from a state appear d when the fault propa- 
gation process has been just completed. 
[0072] The restarting device may startthe assignment 
operation from a state immediately before the coincident 
state. 

[0073] According to the apparatus and method having 
the above-mentioned construction, when a fault propa- 
gation process for a target fault is unsuccessful, at least 
a segment of a path to propagate the effects of the target 
fault is memorized as illegal information. And the fault 
propagation process is restarted for the same target 
fault without selecting the illegal information. Hence, the 
chance of a successful fault propagation process is in- 
creased, which leads to the improvement of the fault 
coverage. 

[0074] In addition, according to the apparatus and 
method having the above-mentioned construction, it is 
detected whether a state transition goes into a loop (i. 
e., two identical states exist) in the state initialization 
process and then the process is restarted by defining 
the state caused the loop as an illegal state. Hence, the 
chance of a successful state initialization process is in- 
creased, which leads to the improvement of the fault 
coverage. 

BRIEF DESCRIPTIO OF THE DRAWINGS 

[0075] These and other objects, advantages and fea- 
tures of the invention will become apparent from the fol- 
lowing description thereof taken in conjunction with the 
accompanying drawings which illustrate a specific em- 
bodiment of the invention. In the drawings:- 

FIG. 1 is a sample fault table for a circuit to be test- 
ed. 

FIG. 2 is a flowchart of a conventional test sequence 
generation method for a sequential circuit. 
FIG. 3 is af lowchart of the fault propagation process 
in the method of FIG. 2 based on Reverse Time 
Process method. 

FIG. 4 is a flowchart of the state initialization proc- 
ess in the method of FIG. 2. 

FIG. 5 (a) shows a combinational circuit and flip- 
flops in the sequential circuit, and FIG. 5 (b) is the 
simplified diagram. 

FIG. 6 is an operational illustration of the fault prop- 
agation process in the method of FIG. 2. 
FIG. 7 is an example of a test sequence generation 
in the circuit shown in FIG. 5(b). 
FIG. 8 is an example of state transitions in state in- 
itialization process. 

FIG. 9 is a flowchart of the test sequence generation 
method for a sequential circuit according to Embod- 
iment 1 of this invention. 

FIG. 1 0 is a table showing a group of illegal D-fron- 



tiers in the same embodiment. 
FIG. 11 is a flowchart of the fault propagation proc- 
ess in the same embodiment. 
FIG. 12 is an operational illustration of the fault 

5 propagation process in the same embodiment. 

FIG. 13 is a flowchart of the fault propagation proc- 
ess in Embodiment 2 of this invention. 
FIG. 14 is a table showing a group of illegal combi- 
nation in the same embodiment. 

10 FIG. 15 is an operational illustration of the fault 
propagation process in the same embodiment. 
FIG. 16 is a flowchart of the state initialization proc- 
ess of Embodiment 3 of this invention. 
FIG. 17 is a history of state transitions of the same 

15 embodiment. 

FIG. 18 is an operational illustration of the state in- 
itialization process in the same embodiment. 

DESCRIPTION OFTHE PREFERRED 
20 EMBODIMENTS 

<Embodiment 1> 

[0076] The test sequence generation method accord- 
25 ing to this embodiment is flowcharted in FIG. 9. 

[0077] Faults to be tested with the use of this test se- 
quence are the same as those described in the Related 
Arts : and are previously registered in a fault table as 
shown in FIG. 1 for each signal line, based on the net 
30 list of the LSI to be tested. 

[0078] In FIG. 9, the test sequence generation proc- 
ess starts at Step 101. 

[0079] In Step 1 02, the maximum number of the proc- 
ess to be executed for undetected faults on the fault ta- 
35 ble is set. The number is determined by considering the 
complexity or size of a circuit to be tested, or a time al- 
lowed for the process. In most cases, 5 times is reason- 
able. 

[0080] In Step 103, the number of the process is ini- 

40 tialized to zero. 

[0081] In Step 104, it is judged whether the process 
has reached the maximum number set in Step 102. If it 
has not, then the system proceeds to Step 1 05, and oth- 
erwise the system goes to Step 115. 

45 [0082] In Step 105, it is judged whether there is any 
undetected and unprocessed fault except redundant 
faults on the fault table. If there is, then the system pro- 
ceeds to Step 106, and otherwise it goes to Step 113. 
[0083] In Step 106, one target fault is selected among 

50 the undetected and unprocessed faults. 

[0084] In Step 107, a test pattern for the selected fault 
is generated , as a preparatory step for the test seq uence 
generation, only for the combinational circuit to check 
whether it is an undetectable fault or not. The steps 1 06 

55 and 1 07 respectively correspond to Steps 403 and 404 
in FIG. 2 depicting the related art. 
[0085] In Step 1 08, a fault propagation process is per- 
formed for the selected target fault. 
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[0086] I n Steps 1 09 and 1 1 0, a state initialization proc- 
ess and a fault simulation process are respectively per- 
formed. These steps correspond to Steps 406 and 407 
in FIG. 2. 

[0087] In Step 1 1 1 . it is judged whether the fault prop- 
agation process performed in Step 1 07 is successful or 
not. If it is, then the system goes back to Step 1 05, and 
otherwise the system proceeds to Step 112. 
[0088] In Step 112, a D-frontier selected in a time 
frame where the effects of the target fault is propagated 
to any external output pin is registered to an illegal D- 
frontier group shown in FIG. 10. The figure contains 
three columns: "signal lines" indicating target fault sites 
to be detected, "faults" indicating types of the faults, and 
"D-frontiers" indicating D-frontiers prohibited to select. 
In this embodiment, the illegal D-frontiers are registered 
for each fault. 

[0089] I n Step 11 3 u ndetected faults on the fault table 
except redundancy faults are treated as unprocessed 
faults. In other words, faults corresponding to "0" in the 
column "detection" and to other than "1" in the column 
"redundant faults" are made "0" in the column of "proc- 
ess". Accordingly, faults for which a test sequence gen- 
eration has been unsuccessful arc selected again in 
Step 106. 

[0090] In Step 1 14 : the system counts up the number 
of the test sequence generation process for undetected 
faults by 1 . 

[0091] In Step 115, the test sequence generation 
process terminates. 

[0092] The fault propagation process of Step 108 is 
detailed in the flowchart in FIG. 11 . 
[0093] The flowchart contains additional Steps 
1403-1405, according to which, faults registered in the 
illegal D-frontier group are excluded from the selecting 
objects of a D-frontier in No. k time frame. Accordingly, 
a D-frontier other than those detected not to have been 
successfully propagated before is selected in No. k time 
frame in on and after the second fault propagation proc- 
ess. 

[0094] In Step 1402, it is judged whether a path in- 
cluding a target fault has been sensitized or not. If it has, 
then the process is successful and the system goes to 
Step 1409 to terminate the process, and otherwise the 
system proceeds to Step 1403. 

[0095] In Step 1 403, it is judged whether a time frame 
to be processed is k(=1st in this embodiment) time 
frame or not. If it is, then the system proceeds to Step 
1404, and otherwise, the system goes to Step 1406. 
[0096] In Step 1 404, the target fault site or one of the 
outputs of FFs (i.e. the inputs of the combinational cir- 
cuit) is selected as a D-frontier. In the selection, the il- 
legal D-frontier group is referred to so as to avoid se- 
lecting those registered as illegal D-frontiers for the cor- 
responding fault. 

[0097] In Step 1405, the selected D-frontier is tempo- 
rarily stored. 

[0098] In Step 1406, the target fault site or one of the 



outputs of the FFs is selected as a D-frontier in the same 
manner as in Step 603 in FIG. 3. 
[0099] In Step 1407, a fault signal is assigned to the 
selected D-frontier in a time frame to be tested, input 
5 values and state values are assigned respectively to the 
external input pins and the outputs of the FFs in order 
to propagate the fault signal to target PPO (that is, in 
order to sensitize the fault propagation path). If the fault 
propagation is successful, then the system proceeds to 
10 step 1408, and otherwise it goes to Step 1409 to termi- 
nate the process. Such path sensitization is the same 
as the latter half of Step 602 in FIG. 3. 
[0100] In Step 1408, the input values assigned to the 
external input pins in Step 1 407 are memorized as a part 
15 of a test sequence and the system goes back to Step 
1402 with the input of D-frontier as a new target PPO. 
[0101] The operation of the foregoing test sequence 
generation of this embodiment is described as follows 
with reference to FIG. 12 where like components are la- 
beled with like reference numerals with respect to FIG. 
6. Numeral 1001 represents the illegal D-frontier group 
for a target fault 71 3, and 1 002-1 004 are fault propaga- 
tion paths respectively of time frames 701-703 in the 
second propagation process. 

[01 02] First, the maximum number of the fault propa- 
gation process is set to 5 in this embodiment (Step 102 
in FIG. 9) and a variable i for controlling the number is 
initialized to zero (Step 1 03). Then, it is judged whether 
the variable i has reached the maximum number. If it 
has, then the system goes to Step 1 1 5 to end the proc- 
ess, and otherwise it proceeds to Step 105 (Step 104). 
[0103] The subsequent steps 105-107 are the same 
as Steps 402-404 in FIG. 2, so that the description is 
omitted. 

[0104] If a test pattern is successfully generated in 
Step 107, a fault propagation process is executed to 
generate a test sequence for the target fault (Step 1 08). 
[0105] In a first (i = 0) fault propagating process, 
it is assumed that the process is executed for the target 
fault 713 as described with reference to FIG. 6. The dif- 
ferences in the operation only are explained as follows:- 
In a first time frame (Step 1403), a D-frontier that 
has not been registered in the illegal D-frontier group is 
selected. However, there is no fault registered in the first 
time, so that FF3 is selected like in Step 1404 in FIG. 
11. The D-frontier thus selected is temporarily stored 
(Step 1405). If the system fails in sensitizing the propa- 
gation path in the third time frame just like in the Related 
Art, the completion of the fault propagation process is 
checked (Step 1 1 1 ). When the process is not successful , 
the D-frontier 709 temporarily stored is registered to the 
illegal D-frontier group 1 001 of the target fault 71 3 (Step 
112). 

[0106] After this, the foregoing process is executed 
for every unprocessed fault on the fault table (the proc- 
ess from Step 105 to either step 111 or to step 112 is 
repeated, wherein a D-frontier in No. k (=1st in this em- 
bodiment) time frame is registered as an illegal D-fron- 
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tier for each fault for which the propagation process has 
been unsuccessful. 

[0107] Afterthe completion of the test sequence gen- 
eration process for every unprocessed fault, it is judged 
that there is no unprocessed fault (Step 105). Accord- 
ingly, faults corresponding to "0" in the column of "proc- 
ess" and other than "1" in the column of "redundancy 
fault" is set to "0" in the column of "process" (Step 113), 
which allows faults for which the process has been un- 
successful to be selected again. The variable i repre- 
senting the number of the test sequence generation 
process repeated so far is counted up by 1 (Step 114), 
and the system goes back to Step 1 05. 
[0108] In a second (i = 2) fault propagating process, 
the fault 71 3 : for which the process has been unsuc- 
cessful when i = 1 , is reselected as a target fault (Step 
106) and the process is executed as follows afterthe 
test pattern for the combinational circuit is generated 
(S107)> 

In the process in the time frame 701 , which is the 
first time frame (Step 1403), the reference to the il- 
legal D-frontier group 1 001 enables FF3 to be elim- 
inated from the selecting objects (709), and as a re- 
sult, FF1 (707) is heuristically selected as a D-fron- 
tier (1404) and temporarily stored (Step 1405), This 
sensitizes the fault propagation path 1 002 up to the 
external output pin 704 (Step 1407) and makes FF1 
(707) be the target PPO (Step 1408). 
In a second time frame 702, FF3 (712) is selected 
as D-frontier (Steps 1403 and 1406) and a fault 
propagation path 1003 is sensitized (Step 1407) to 
propagate the effects of the fault to FF1 (707) of the 
target PPO, thereby FF3 (712) is made the target 
PPO (Step 1408). 

In a third time frame 703, the fault site 71 3 is select- 
ed as a D-frontier (Steps 1403 and 1 406) and a fault 
propagation path 1004 is sensitized (Step 1407) to 
propagate the effects of the fault from the fault site 
71 3 to FF3 (71 2) of the target PPO. Since the target 
fault has been sensitized (Step 1402), the system 
proceeds to a state initialization process, which is 
not described because it is the same as that of the 
related art. 

[0109] As explained hereinbefore, according to this 
embodiment, in the case that a fault propagation proc- 
ess is not successfully done in a test sequence gener- 
ated to test a target fault, a D-frontier selected in k(=1 
in this embodiment) time frame, which propagates the 
effects of its target fault to external output pins, is reg- 
istered to the illegal D-frontier group. Additionally, a test 
sequence not successfully generated for a target fault 
is regenerated. Thus, a signal line belonging to the ille- 
gal D-frontier group for the target fault can be elimi nated 
from the selecting objects of a D-frontier in a time frame 
where the effects of the target fault are propagated to 
the external output pins when the test sequence is re- 



generated. Thus a fault propagation path is flexibly 
changed, thereby the chances of success in generating 
a test sequence for a target fault is increased. As a con- 
sequence, a test sequence for a target fault with high 
5 fault coverage can be produced. 

<Embodiment 2> 

[0110] The test sequence generation method of this 
10 embodiment is flowcharted in FIG. 13 which is substan- 
tially the same as FIG. 2 for the related art except for 
the fault propagation process. Accordingly, the fault 
propagation process is exclusively described as fol- 
lows:- 

15 

In FIG. 13, the fault propagation process starts at 
Step 301 . 

In Step 302, it is judged whether a target fault has 
been sensitized or not. If it has, then the system 

20 goes to Step 308 to terminate the process, and oth- 
erwise the system proceeds to Step 303. 
In Step 303, either the target fault or one of the out- 
puts of the FFs is selected as a D-frontier. Then a 
test pattern, which propagates a fault signal to the 

25 target PPO, is generated. If this process is unsuc- 
cessful, then the system goes to Step 306, and oth- 
erwise it proceeds to Step 304. However, a set of a 
D-frontier that belongs to the illegal set group and 
the target PPO is eliminated from the selecting ob- 

30 jects. 

In Step 304, the set of the target PPO and the D- 
frontier is temporarily stored. 
In Step 305, if the D-frontier selected in Step 303 is 
the input of an FF whose output is made a new tar- 

35 get PPO. 

In Step 306, the set of the D-frontier selected in Step 
304 and the target PPO is added to the illegal set 
group. An example of such illegal set group is 
shown in FIG. 14. 

40 In Step 307, the test sequence produced so far is 
all cleared and the system goes back to Step 302. 
In Step 308, the illegal set group is cleared and the 
fault propagation process terminates. 

45 [0111] The operation of the foregoing test sequence 
generation of this embodiment is described as follows 
with reference to FIG. 1 5 where like components are la- 
beled with like reference numerals with respect to FIG. 
6:- 

50 In FIG. 15, numeral 1201 represents the illegal set 

group shown in FIG. 14, and lines 1202 and 1203 are 
respectively fault propagation paths in the time frames 
702 and 703 respectively. 

[01 12] In the test sequence generation for the target 
55 fault 71 3, if it is assumed that the fault propagation proc- 
ess in the time frame 703 is not successful as described 
before (Step 303 in FIG. 13), a set of a D-frontier that is 
the output of FF2 (711) in the time frame 702 immedi- 
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ately before the time frame 703 where the process is 
unsuccessful and a target PPO that is the input of FF3 
(709) is registered to the iliegal set group 1201 (Step 
306). 

[0113] Subsequently, the system goes back to the first 5 
time frame 701 to perform the process again after clear- 
ing all the sequence generated so far for the target fault 
713 (Step 307), and selects the D-frontier 709 in the time 
frame 701 . Then the fault propagation path 705 is sen- 
sitized to propagate the effects of the target fault "b" io 
(713) to the external output pins (Steps 302 and 303), 
and temporarily stores the set of the D-frontier 709 and 
the external output pin PO (Step 304) indicating the fault 
propagating path 705, the input of an FF whose output 
is the D-frontier being made the next target PPO (Step '5 
305). 

[0114] In the time frame 702, as the result of the ref- 
erence of elements (D-frontier 711 and target PPO 709) 
in the illegal set group 1 201 , it is found that the D-frontier 
709 is the target PPO. Accordingly, FF2 (711) is elimi- 20 
nated from the selecting objects and FF1 (710) is se- 
lected as a D-frontier. And the fault propagation path 
1 202, which extends up to FF3 (709) of the target PPO, 
is sensitized (Steps 302-305). 

[01 1 5] Then, the fault propagation process is execut- 25 
ed in the time frame 703 and the fault site 71 3 is selected 
as the D-frontier. The fault propagation path 1 203 is sen- 
sitized to propagate the effects of the fault from the fault 
site 71 3 to FF1 (71 0) of the target PPO (Steps 302-305). 
Since the target fault has been thus sensitized, the sys- 30 
tern treats the fault propagation process as success and 
moves to the state initialization process (Step 302). 
[01 1 6] Although in Step 307 above, the test sequence 
produced so far is all cleared and the fault propagation 
process is restarted from the first time frame, it can be 35 
restarted from one frame ahead of the time frame where 
the process has been unsuccessful because the path in 
an immediately preceding time frame is prohibited to be 
processed. 

[0117] As described hereinbefore, according to this 40 
embodiment, in the case that a fault propagation proc- 
ess has not been successfully done in a test sequence 
generated to test a target fault, a set of a D-frontier and 
a target PPO selected in a time frame immediately be- 
fore the time frame where the process has been unsuc- 45 
cessful is registered to the illegal set group. Additionally, 
the test sequence so far generated is all or partially 
cleared and regenerated from the beginning or the mid- 
dle. Thus, any set belonging to the illegal set group can 
be eliminated from the selecting objects of a D-frontier so 
in a time frame. Thus a fault propagation path is flexibly 
changed, thereby the chances of success in generating 
a test sequence for a target fault is increased. As a con- 
sequence, a test sequence for a target fault with high 
fault coverage can be produced. 55 



<Embodiment 3> 

[0118] The test sequence generation method of this 
embodiment is flowcharted in FIG. 1 6 which is substan- 
tially the same as FIG. 2 except for the state initialization 
process. Accordingly, the state initializing process is ex- 
clusively described as follows:- 

In FIG. 16, the state initialization process starts at 
Step 201. 

In Step 202, it is judged whether the current state 
of the circuit coincides with its initial state or not. If 
they are coincident, then the system goes to Step 
208, and otherwise the system proceeds to Step 
203. 

in Step 203, the current state is justified by assign- 
ing values to the external input pins and the FFs so 
as not to go into the state belonging to the illegal 
state group registered in Step 206. 
In Step 204, the justified state is added to the history 
of state transitions. An example of such history is 
shown in FIG. 17 wherein each state can be repre- 
sented by a state name and a state value of each 
FF composing the state. 

In Step 205, it is judged whether there is more than 
one state justified in Step 203 in the history. If there 
is, then the system goes to Step 206, and otherwise 
the system goes to Step 207. 
In Step 206, the justified state is deleted from the 
history and registered to the illegal state group. 
When there are two identical states in the history, 
which means that a loop of a state transition is 
formed. Therefore, the state justified later is defined 
as an illegal state, thereby preventing the state ini- 
tialization process from going into a loop. 
In Step 207, the justified state is treated as the cur- 
rent state. 

In Step 208, the illegal state group is deleted. 
In Step 209, the state initialization process termi- 
nates. 

The operation of the test sequence generation of 
this embodiment is described as follows with refer- 
ence to FIG. 18:- 

FIG. 18 (a) shows a history 1101 of the state tran- 
sitions in a case that there are two identical states 
during the state initialization process of a circuit to 
be tested having the state transitions shown in FIG. 
8. FIG. 1 3(b) shows a history 1 1 02 in a case that of 
the two identical states, the later-assigned state has 
been deleted from the history 1101. FIG. 13(c) 
shows a history 1103 in a case that the state initial- 
ization process of the circuit is successfully per- 
formed. 

[01 19] The following is a description of the generation 
of a test sequence transferring from the initial state 804 
to the fault excitement state 801 in FIG. Si- 
First, the fault excitement state 801 is registered 
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to the history of the state transitions (Step 201). Then, 
the fault excitement state 801 is justified to obtain the 
state 802 (Step 203), which is registered to the history 
(Step 204). Since the state 802 is not the initial state, 
nor are there two identical states in the history (Step s 
205), the justified state is defined as the current state 
(Step 207) and the state 802 is justified (Steps 202 and 
203). In the same manner, the states 803 and 801 are 
justified and registered to the history. 
[0120] At this point, the history 1101 has two of the 10 
state 801 (Step 205, FIG. 18(a)), so that the state 801 
registered later is deleted therefrom and registered to 
the illegal state group (Step 206 FIG. 18 (b)). 
[0121] The state 804 is obtained by justifying the state 
803 again to avoid to be in the illegal state 801 (Step 15 
203), and is registered in the history (Step 204, FIG. 13 
(c)). Here, there is no identical states in the history 11 03 
(Step 205). Furthermore, since the state 804 equals to 
the initial state (Step 202), the state initiation process is 
successful and terminated. 20 
[0122] According to this embodiment, the history of 
the state transitions is memorized when the state initial- 
ization process of the test sequence generation of a tar- 
get fault is performed. When there are two identical 
states in the history, the state assigned later is deleted 25 
therefrom and registered as an illegal state so that it will 
not go to an illegal state. Thus the chances of success 
in a state initialization process is increased, and as a 
consequence, atest sequence for a targetfault with high 
fault coverage can be produced. 30 
[0123] Although the present invention has been fully 
described by way of examples with reference to the ac- 
companying drawings, it is to be noted that various 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless otherwise such 35 
changes and modifications depart from the scope of the 
present invention, they should be construed as being 
included therein. 



Claims 

1 . A method for generating a test sequence through a 
state initialization process wherein input signal val- 
ues to be inputted to the external input pins of a se- *s 
quential circuit to be tested are found in order to 
transfer the state of the circuit from its initial state 
to a state appeared when a fault propagation proc- 
ess for a stuck-at fault has been just completed, 
comprising the steps of: 50 

in order to justify the current state of the se- 
quential circuit, assigning the outputs of mem- 
ory elements and the input signal values to be 
given to the external input pins, the assignment 55 
operation being processed to obtain its initial 
state starting from a state appeared when the 
fault propagation process has been just com- 



pleted; 

judging whether the state thus assigned coin- 
cides with one of a state appeared when the 
fault propagation process has been just com- 
pleted and a state assigned before; and 
restarting, when the two states are judged to be 
coincident with each other, the assignment op- 
eration while cancelling at least the latest state 
of those assigned so far. 

2. The method of claim 1 , wherein the restarting step 
starts the assignment operation from a state ap- 
peared when the fault propagation process has 
been just completed. 

3. The method of claim 1 , wherein the restarting step 
starts the assignment operation from a state imme- 
diately before the coincident state. 

4. A method for generating a test sequence through a 
state initialization process wherein input signal val- 
ues to be inputted to the external input pins of a se- 
quential circuit to be tested are found in order to 
transfer the initial state of the circuit to a state ap- 
peared when the fault propagation process for a 
stuck-at fault has been just completed, comprising: 

a first step of judging whether the current state 
of the circuit coincides with the initial state or 
not and terminating the fault propagation proc- 
ess if the current state coincides: 
a second step of assigning state values to ex- 
ternal input pins and the outputs of memory el- 
ements to justify the current state if the current 
state does not coincide; 

a third step of memorizing the justified state in 
a history of state transitions; 
a fourth step of judging whether the memorized 
state exists in the history; 
a fifth step of, when the state is judged to exist, 
registering the state as illegal information, de- 
leting it from the history, and going back to the 
second step; and 

a sixth step of, when the state is judged not to 
exist : defining the justified state as the current 
state and going back to the first state. 

5. An apparatus for generating a test sequence 
through a state initialization wherein input signal 
values to be inputted to the external input pins of a 
sequential circuit to be tested are found in order to 
transfer the state of the circuit from its initial state 
to a state appeared when a fault propagation proc- 
ess for a stuck-at fault has been just completed, 
comprising: 

assigning means for, in order to justify the cur- 
rent state of the sequential circuit, assigning the 



11 



BNSDOCID: <EP 1 1 32749A2J _> 



21 



EP1 132 749 A2 



22 



outputs of memory elements and the input sig- 
nal values to be given to the external input pins, 
the assignment operation being processed to 
obtain its initial state starting from a state ap- 
peared when the fault propagation process has 
been just completed; 

judging means for judging whether the state 
thus assigned coincides with one of a state ap- 
peared when the fault propagation process has 
been just completed and a state assigned be- 
fore; and 

restarting means for restarting, when the two 
states are judged to be coincident with each 
other, the assignment operation while cancel- 
ling at least the latest state of those assigned 
so far. 

6. The apparatus of claim 5, wherein the restarting 
means starts the assignment operation from a state 
appeared when the fault propagation process has 
been just completed. 

7. The apparatus of claim 5, wherein the restarting 
means starts the assignment operation from a state 
immediately before the coincident state. 

8. A method for generating a test sequence to test an 
assumed stuck-at fault in a sequential circuit ex- 
panded as a series of time frames, comprising the 
steps of: 

tracing backward in the time frames to propa- 
gate a fault signal of the stuck-at fault along a 
path selected in a time frame and assigning an 
input value in the time frame in order to sensi- 
tize the path, the backtrace operation starting 
from a first timeframe, which contains an output 
pin to be the goal of the stuck-at fault up to a 
time frame containing the fault site; 
defining, when a path unsuccessfully sensi- 
tized in a time frame is detected, at least a seg- 
ment of the path as illegal information, the path 
extending between the first time frame and the 
time frame where the path is detected to have 
been unsuccessfully sensitized; and 
restarting another backtrace operation without 
selecting the segment defined as illegal infor- 
mation. 

9. The method of claim 8, wherein the illegal informa- 
tion is a D-frontier indicating a signal line selected 
in a specified time frame, the signal line being the 
goal of a fault signal propagated from an immedi- 
ately preceding time frame. 

10. The method of claim 9, wherein the specified time 
frame is a time frame in which a fault propagation 
path is sensitized first. 



11. The method of claim 8, wherein the illegal informa- 
tion is a set of a D-frontier and a target PPO, the set 
indicating a propagation path in a specified time 
frame. 

5 

12. The method of claim 8, wherein the illegal informa- 
tion is a set of a D-frontier and a target PPO, the set 
indicating a propagation path in a time frame imme- 
diately before the time frame where the propagation 

10 has been unsuccessful. 

13. A method for generating a test sequence to test an 
assumed stuck-at fault in a sequential circuit ex- 
panded as a series of time frames, comprising: 

15 

a first step of counting the number of fault prop- 
agation processes executed for every target 
fault, for which a test sequence is generated; 
and 

20 a second step of judging whether the number 

counted is beyond a predetermined number 
and then terminating the test sequence gener- 
ation if it is. wherein the first step comprising: 
a first sub step of selecting one target fault 

25 among one of target faults for which the fault 

propagation processes have not been execut- 
ed yet and other target faults for which the fault 
propagation processes are regarded to have 
not been executed yet, and for which test se- 

30 quences have not generated yet; 

a second sub step of, when a D-frontier indicat- 
ing an input of a path to be sensitized is already 
registered as an illegal frontier, selecting a D- 
frontier other than the illegal frontier in a time 

35 frame where a target fault is propagated to an 

external output pin in order to execute fault 
propagation process; 

a third sub step of judging whether the fault 
propagation in the second step is successful or 

40 not; 

a fourth sub step of, when the fault propagation 
is judged to be unsuccessful, registering the D- 
f rontier selected in a time frame where the ef- 
fects of the target fault is propagated to an ex- 

45 ternal output pin as the illegal D-frontier of the 

target fault; and 

a fifth sub step of, when the first through third 
sub steps have been executed for all the target 
faults, regarding faults for which the fault prop- 
50 agation processes have been unsuccessfully 

executed as faults for which fault propagation 
processes have not been executed yet. 

14. A method for generating a test sequence to test an 
55 assumed stuck-at fault in a sequential circuit ex- 
panded as a series of time frames, comprising: 

a first step of providing a fault propagation proc- 
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ess to a target fault in one time frame; 
a second step of memorizing a propagation 
path selected in a time frame immediately be- 
fore a time frame being processed in the first 
step as a set of a signal line indicating the out- 5 
put of the path (hereinafter referred to as target 
PPO) and a D-frontier indicating the input 
thereof; 

a third step of judging whether the fault propa- 
gation process in the first step is successful or io 
not and executing the first step for the next time 
frame if it is successful, and otherwise register- 
ing a set of the target PPO and the D-frontier 
memorized in the second step as an illegal 
path; 15 
a fourth step of, when the fault propagation 
process in the first step is unsuccessful, clear- 
ing from the test sequence at least a segment 
already generated on and after one frame 
ahead of the time frame where the fault propa- 20 
gation process is unsuccessful; and 
a fifth step of restarting the first step from the 
time frame corresponding to the segment 
cleared without selecting a set of the D-frontier 
and the target PPO registered as the illegal 25 
path. 



diately preceding time frame. 

17. The apparatus of claim 16, wherein the specified 
time frame is a first time frame in which a fault prop- 
agation path is sensitized first. 

18. The apparatus of claim 15, wherein the illegal infor- 
mation is a set of a D-frontier and a target PPO, the 
set indicating a propagation path in a specified time 
frame. 

19. The apparatus of claim 15, wherein the illegal infor- 
mation is a set of a D-frontier and a target PPO, the 
set indicating a propagation path in a time frame im- 
mediately before the time frame where the propa- 
gation has been unsuccessful. 



1 5. An apparatus for generating a test sequence to test 
an assumed stuck-at fault in a sequential circuit ex- 
panded as a series of time frames, comprising: 30 

backtrace means for tracing backward in the 
time frames to propagate a fault signal of the 
stuck-at fault along a path selected in a time 
frame, wherein an input value in the time frame 35 
is assigned in order to sensitize the path and 
the backtrace operation starts from a first time 
frame, which contains an output pin to be the 
goal of the stuck-at fault up to a time frame con- 
taining the fault site; 40 
defining means for, when a path unsuccessfully 
sensitized in a time frame is detected, defining 
at least a segment of the path as illegal infor- 
mation, the path extending between the first 
time frame and the time frame where the path 45 
is detected to have been unsuccessfully sensi- 
tized; 

memorizing means for memorizing the illegal 
information correspondingly with the fault sig- 
nal; and 50 
prohibiting means for prohibiting to select a 
path defined as illegal information when the 
backtrace means is driven for another fault. 

16. The apparatus of claim 15, wherein the illegal infor- 55 
mation is a D-frontier indicating a signal line select- 
ed in a specified time frame, the signal line being 

the goal of a fault signal propagated from an imme- 
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